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Increasing concerns about nitrogen (N)
runoff from nursery production have in-
creased the need for fertilization practices
that increase N use efficiency and decrease
the potential for environmental contamina-
tion without affecting crop productivity or
quality (Yeager et al.. 1993). To optimize N
fertilizer management in hydrangea produc-
tion, knowledge of how rate and method of
N fertilizer application influence plant per-
formance is essential. Published literature on
N use (optimum amount, application timing,
and method) in production of container-
grown florists' hydrangea (Hvdrangea mac-
rophvl/a) is minimal (Bailey, 1989; Dirr, 2004).

Moi rcscarch on hydrangea nutrition has
been focused on how fertilizer influences sepal
coloration (Bailey, 1989: Dirr, 2004; Mideap,
1998).

To produce florists' hydrangea, many
growers transplant rooted cuttings into 10 to
20 cm diameter (400 to 3100 em 3 volume)
pots commonly applying liquid fertilizer
with 100 to 175 mgL ' N at each irrigation
or 340 to 450 mg . L' N every 710 10 d during
the vegetative stage of production (Bailey,
1989). Plants are normally manually defoli-
ated late in the growing season, stored in a
cooler for 6 to 8 weeks, and then placed into
the greenhouse for forcing. During the forc-
ing stage, plants are normally supplied with
liquid fertilizer containing 150 to 250 mg•L
N at each irrigation or 340 to 450 mgL ' N
every 7 to 10 d during forcing (Bailey, 1989).

High-quality florists' hydrangea plants
are usually full and compact in height.
Chemical growth retardants are normally
applied during the vegetative stage and the
early period of forcing to control plant height
(Bailey, 1989). An improved understanding
of plant N requirements during vegetative
and forcing stages of production would assist
growers of florists' hydrangea in developing
more efficient N fertilization practices using
potentially less N and growth retardants.

In many species, leaves can contain up to
50% of the total N in a plant in late summer
and early fall (Bi et al.. 2007; Forshey, 1963).
In deciduous plant species, 50% of the N in
leaves moves from the leaves into stems and
roots before natural defoliation (Kang and
Titus, 1980; Shim et al., 1972; Spencer and
Titus, 1972). The plant uses this stored N for
new growth during the next growing cycle
(Millard, 1995). Manual defoliation of flo-
rists' hydrangea before cold storage can help
prevent the occurrence of diseases, especially
botrytis bud rot (Bailey. 1989). However,
because plants are usually defoliated when
leaves are green, before N movement from
leaves, they can lose a significant amount of
N. This decrease in stored N could potentially
result in poor growth or plant performance
during forcing.

Foliar fertilization in the fall is considered
an alternative to supplying N to the soil of
woody perennial nursery plants. Spray ap-
plication of urea to deciduous plant species
after terminal bud set increases N storage
without stimulating new growth or delaying
dormancy development (Bi et al., 2003;
Cheng et al., 2002; Oland, 1960; Sanchez
et al., 1990) and has the potential to decrease
groundwater contamination resulting from
soil nitrate leaching (Embleton et al., 1986).
Based on the benefits reported for other spe-
cies, spraying florists' hydrangea with urea
before manual defoliation could potentially
decrease overall N fertilizer input during
production while maintaining or improving
plant quality.

The objectives of this study were to deter-
mine: 1) how rate of  application during the
vegetative stage of production influences
plant growth; 2) whether plant N content
before cold storage influences plant growth
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Ihstracl. Plants of Hydrangea macrophylla 'Merritt's Supreme' were fertigated with 0,
70, 140, 210, or 280 mgL nitrogen (N) from July to Sept. 2005 and sprayed with 0% or
3% urea in late October to evaluate whether plant N status during vegetative growth
influences plant performance during forcing. In late November, plants were manually
defoliated, moved into a dark cooler (4.4 to 5.5 °C) for 8 weeks, and then placed into a
greenhouse for forcing. After budbreak, plants were supplied with either 0 N or 140
mgL N for 9 weeks. Plant growth and N content were evaluated in Nov. 2005 before
cold storage and plant growth, flowering, and leaf quality parameters were measured in
late Apr. 2006. Increasing N fertigation rate in 2005 significantly increased plant biomass
by I4 g(26%) and plant N content by 615 mg (67%). Spray applications of urea (urea
sprays) in the fall had no influence on plant biomass but significantly increased plant N
content by '520 mg (54%). In general, plants grown with 210 and 280 mg•L N during
2005 had the greatest growth (total plant biomass, height), flowering (number of flowers,
Hower size), and leaf quality (leaf area, chloroph y ll content) during forcing in 2006. Urea
sprays before defoliation increased plant growth, flowering, and leaf quality character-
istics during forcing in 2006. Providing plants with N during the forcing period also
increased plant growth, flowering, and leaf quality characteristics. Urea sprays in the fall
were as effective as N fertilizer in the spring on improving growth and flowering. We
conclude that both vegetative growth and flowering during forcing of 'Merritt's
Supreme' hydrangea are influenced by both the N status before forcing and N supply
from fertilizer during forcing. A combination of optimum rates of N fertigation during
the vegetative stage of production with urea sprays before defoliation could be a useful
management strategy to control excessive vegetative growth, increase N storage, reduce
the total N input, and optimize growth and flowering of container-grown florists'
hydrangeas.
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and flower development during forcing; and
3) whether urea sprays in the fall increase N
storage before cold storage and plant growth
and flower development during forcing.
Our goal is to develop a fertilization program
that reduces excessive vegetative growth
and improves flowering performance of con-
tainer-grown florists' hydrangea without
causing nutrient deficiency or reducing plant
quality.

Materials and Methods

Plant culture, nitrogen treatments, and
sampling. Rooted Hvdrangea nacrophylla
'Merritt's Supreme' cuttings were potted into
Elite/Ultra Azalea pots (17.8 cm diameter.
12.7 em height, 2100 cm' volume; ITML
Horticultural Products Inc., Brantford,
Ontario, Canada) containing Sun Gro 94
(Sun Gro Horticulture, Bellevue, WA) in late
May 2005. Each pot contained two cuttings
that were pinched (leaving two nodes per
shoot) twice during June. Plants were ferti-
gated with 200 mgL N using 20N-4.4P--
16.6K fertilizer (TotaiGro 20-10-20; SDT
Industries, Winnsboro, LA) once every 3 d
from early June to early July. Plants were
grown outdoors under shadecloth (40%
shade) in Crystal Springs, MS (lat. 31°59N,
long. 90°21'W). On 25 July 2005,30 plants
were randomly assigned to one of five groups
(30 plants per N treatment = 150 plants
total) and fertilized two times per week for
5 weeks starting 25 July and then once per
week for 4 weeks. At each fertigation, plants
in each group received 400 mL of a modified
Hoagland's solution (Hoagland and Amon,
1950) containing one of five different N
concentrations (NOS treatments: 0, 70, 140,
210. or 280 mg-L-' N from NH 4NO 3 ). Plants
were drip-irrigated as needed throughout the
growing season and sprayed two times during
July and once in August with 5000 ppm
Daminozide [B-9, butanedioic acid mono
(2,2 -dim ethyl hydrazide), Crompton Manu-
facturing Co., Middlebury, CT] to control
plant height.

Fifteen plants from each N05 treatment
were randomly selected for one of two urea
(U05) treatments and sprayed with 3% urea
using a backpack sprayer on 25 Oct. and
3 Nov. (+U treatment) and the remaining
plants from each N05 treatment were sprayed
with water as control (—U treatment). Plants
were sprayed to the point of runoff on leaves.
In late November, five plants from each N05
and urea treatment were harvested for assess-
ment of plant growth (dry weight) and N
content. Plants were destructively sampled
and divided into stems, roots, and leaves. All
samples were washed with double-distilled
water to remove any urea residue from their
surfaces and immediately put into a 60 °C
forced-air oven, dried, then ground with a
Wiley mill (40 mesh) for chemical analysis.
Dry weight was recorded for each tissue type.
The remaining plants were manually defoli-
ated, placed into a dark cooler (4.4 to 5.5 °C)
for 8 weeks, then removed from the cooler,
and placed into a greenhouse (15.4 °C night

temperature/23.7 °C vent temperature) for
forcing using normal nursery practices.

After budbreak, plants from each N05
and U05 treatment were divided equally into
two groups and fertilized two times per week
for 9 weeks (N06 treatment). One group of
plants was supplied with 400 mL of N-free
modified Hoagland's solution (—U—N and
+U—N treatments) and the other group of
plants received 400 mL of modified Hoag-
land solution with 140 mgL N from
NH4NO 3 (—U+N and +U+N treatments). All
plants received one spray application of B-9
(2500 ppm) after three to five leaf pairs had
unfolded.

During flowering in late April, plant
height (measured from top of pot to top of
the inflorescence) and the number of inflor-
escences was recorded. Plants were harvested
and separated into leaves, stems, flowers, and
roots. Total leaf area (in centimeters squared)
of each plant was measured using a LI-
COR Model LI-3100C Area Meter (LI-
COR Environmental, Lincoln, NE). Total
leaf chlorophyll content (in milligrams per
decimeter squared) was determined spectro-
photometrically according to Amon (1949).
All samples were washed in double-distilled
water, immediately put into a 60 °C oven,
and dried. Dry weight was recorded for each
tissue type.

Experimental design and statistical
analyses. The experiment layout was com-
pletely randomized with each treatment unit
(pot) replicated five times for each N05 treat-
ment (ON, 70N, 140N, 210N, 280N), U05
treatment (+U, —U), and N06 treatment (+N,
—N). Data from 2005 were analyzed in a
factorial design using analysis of variance
(ANOVA) with N05 treatment and urea treat-
ment as factors. Data from 2006 were ana-
lyzed in a factorial design using ANOVA with
N05 treatment, urea treatment, and N06 treat-
ment as factors. Where indicated by ANOVA,
means were separated using Tukey's honestly
significant difference (HSD0()5 ) at P = 0.05.
Means of interactions are only presented
when indicated as significant (P < 0.05) by
ANOVA. Plant response to N05 treatments
was evaluated using linear and quadratic
polynomial contrasts based on the N fertiga-
tion in 2005. All analyses were performed
using Statistica (Statsoft, Tulsa, OK).

Results and Discussion

2005 growth. Increasing rate of N ferti-
gation in 2005 (N05 treatment) significantly
increased total plant biomass by 14 g (26%)
and biomass in roots, stems, and leaves
(Fig. I). Foliar applications of urea in the
fall had no influence on plant biomass (data
not shown). Rate of  fertigation in 2005 and
urea treatment had no influence on biomass
allocation between roots and shoots (ratio of
roots to aboveground was 0.40 across all
treatments). With several other deciduous
plant species, low soil availability of N has
been reported to increase root/shoot (RIS)
ratio to maximize uptake of available nutri-
ents (Millard and Neilsen, 1989). In our

study, all plants received the same amount
of N for 5 weeks until July when N05 treat-
ments started, after which N05 treatments
were applied for only 9 weeks. It is possible
that plants may not have been exposed to N05
treatments for long enough to change R/S
ratios. Similar k/S ratios between plants in
different N05 treatments might also be the
result of the effects of B-9 on R/S ratios.
Chemicals used as plant growth retardants
such as B-9 can inhibit stem internode elon-
gation, but also can inhibit or stimulate root
growth (Pan and Zhao, 1993). In radish, the
a.i. in B-9 can increase R/S ratios by decreas-
ing shoot weight and increasing root weight
(Thompson et al., 1983).

2005 N concentrations and contents.
Increasing rate of N fertigation in 2005
(N05 treatment) and urea sprays in the fall
increased N concentrations in stems and
leaves (Table I). The effect of urea sprays
on root N concentrations was greater when
plants were fertigated with low N rates than
in those fertigated with high N levels (Fig. 2).
N concentrations in the roots of plants treated
with urea were similar across all five N
fertigation rates.

Increasing rate of N fertigation in 2005
(N05 treatment) increased total plant N con-
tent and N contents in all plant structures
(Fig. 3A). Plants grown at the highest N05
rate contained 615 mg (67%) more N than
plants grown at the lowest N05 rate. Urea
sprays in the fall significantly increased N
contents in all plant structures and increased
total plant N by 520 mg (54%) (Fig. 313).
Approximately 47% to 53% of total plant N
was in leaves. N allocation between roots and
shoots was not influenced by rate of N05
fertigation or urea sprays (data not shown).

The ability of foliar applications of urea in
the fall to increase plant N content without
increasing growth has been demonstrated
with several plant species (Bi et al., 2003;
Cheng et al., 2002; Cheng and Xia, 2004).

2005 Fertigation Rate (mg-L-) (N05)

Fig. 1. Biomass of Hydrangea inaciopinlia Mer-
riti's Supreme' grown at five rates of nitrogen
(N) fertigation in 2005 (N05 rate). Data were
collected in Nov. 2005. Error bars on iotal
biomass data points represent sis (n 10).
Nonsignificant (P> 0.05) and significant (P <
0.05) linear (L) and quadratic (Q) contrasts
across N05 rates denoted in legend.
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Fig. 3. Nitrogen content of Hydrangea niacrophv/ia 'Merritt's Supreme' grown at five rates of nitrogen (N)
fertigation in 2005 (N05 rate) and sprayed (+U) or not (-U) with 3% urea in the fall of 2005 (U05). Data
were collected in Nov. 2005. (A) Significant (P < 0.05) linear (L) and quadratic (Q) contrasts across
N05 rates denoted in legend. (B) Column segments within a plant structure denoted with different
lower case letters are significantly different (THSDO 05). Columns denoted with different upper case
letter are significantly different (1HsD11 05). Error bars on total biomass data points represent sos (A, n =
10; B. n = 25).
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Table 1. Influence of nitrogen (N) fertigation rate in
2005 (N05) and urea sprays in the fall of 2005
(U05) on N concentrations of sterns and leaves
of Hydrangea inaci-op/ivi/a Merritt's Supreme
in Nov. 2005.

N concn (%)

	

Treatments'	 Stems	 Leaves
N05

0	 1.59	 1.64
70	 1.90	 1.83
140	 1.92	 2.12
210	 1.99	 2.15
280	 2.17	 2.33
SEY 	 (0.041)	 (0.045)
Contrasts'	 L	 L

U05
-U	 1.54 a"	 1.60 a

2.49 b	 2.22 b
SE	 (0.026)	 (0.028)

'N05 = rate of N fertigation in 2005 (0, 70, 140.
210. and 280 mg-L); U05 plants sprayed with
3% urea (+U) or water (-U).
1 N05, n 10; U05, n = 25.
'Significant (P <0.05) linear (L) and quadratic (Q)
entrasts across N05 rates.
\leans denoted by the same letter are not
'Y]1]IIC,1I11I\ PiIiC!2!1t

Nov. 2005

U -0- +IJ ns

8
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Nitrogen concentrations in roots of Hvdran-
iinacropkv/Ia 'Merritt's Supreme' grown at

rates of nitrogen (N) fertigation in 2005
N5 rate) and sprayed (+U) or not (-U) with

area in the fall of 2005 (U05). Error bars on
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H 0.05) and significant (P < 0.05) linear (L)
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Ii;t several practical implications to hydran-
production. With other plants species, a

pliportion of the N taken up from soil
Litigation during the growing season is used

tructural growth, and N uptake in the fall
critributes more to storage and subsequent
cinobilization of N the next spring than N

uptake during summer (Millard, 1996). In
ii irists' hydrangea, excessive fertilization
during the vegetative stage of production
culd cause vigorous growth and reduced
plant quality (Bailey, 1989). Furthermore,
plants receiving high amounts of N fertilizer
hiun soil throughout late summer and fall
tcnd to keep growing late into the season and
have delayed dormancy (Bramlage et al.,
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1980; Millard, 1995). Our results indicate
that foliar urea application later in the season
can significantly increase plant N status
without affecting plant size. Therefore, com-

bining a low to moderate rate of N fertigation
during the vegetative stage of production
with urea sprays before cold storage may re-
sult in plants with adequate but not excessive

I
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2005 Fertigation Rate (mg-L 1 ) (1405)	 Autumn 2005 Urea Treatment (U05)

Fig. 4. Total plant dry weight (A-B) and height (C-D) of Hvth-angea mac, op/ni/a ' Merritt's Supreme' in
2006. Plants were grown at five rates of nitrogen (N) fertigation in 2005 (N05 rate), sprayed (+U) or not
(-U) with 3% urea in the fall of2005 )U05), and received no N fertilizer (-N) or 140 mg-L - ' N fertilizer
(+N) the next spring (N06). Means of interactions are presented when indicated as significant (P <
0.05) by analysis of variance. (A-C) Significant (P <0.05) linear (L) and quadratic (Q) contrasts across
N05 rates denoted in legend. (B-D) Columns denoted with different lowercase letters are significantly
different (THsD 1> 115 ). Error bars represent SE5 (A, C, It = 10; B, D, n = 25).
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Fig. 5. Flower dry weight of Hydrangea macro-
phylla 'Merritt's Supreme' in 2006. Plants
were grown at five rates of nitrogen (N)
fertigation in 2005 (N05 rate), sprayed (+U)
or not (—U) with 3% urea in the fall of 2005
(U05), and received no N fertilizer (—N) or 140
mg-L 1 N fertilizer (+N) the next spring. (A)
Significant (P < 0.05) linear (L) and quadratic
(Q) contrasts across N05 rates denoted in
legend. (B—C) Columns denoted with different
lower case letters are significantly different
(T1lsDo 5). Error bars represent srs (A. n = 20;
B, C, n 50).

plant growth during the vegetative stage and
increased N status compared with plants that
receive no urea. This strategy also has the
potential to improve dormancy development
and reduce overall use of N fertilizers and
chemical growth retardants.

Spray application of urea in the fall may
also be a useful strategy for replacing the N

A 10
N05 U05	 —.--U,L

—0— +1J ns

CL

LL

0	 70	 140	 210	 280

2005 Fertigation Rate (mg-L 1 ) ( N05)

2006 N Fertilizer Application (N06)

lost from manual defoliation of hydrangea
before cold storage. During natural leaf
senescence, deciduous plants have the ability
to mobilize significant amounts of N from
leaves into roots and stems (Titus and Kang.
1982). In apple, N mobilization during leaf
senescence constitutes 25% of the total
tree N (Cheng et al., 2002). There is a positive
relationship between the level of storage N
and initial spring growth in many species (Bi
et al., 2003; Cheng and Fuchigami. 2002;
Taylor et al., 1975). Therefore, it is important
to achieve maximum mobilization and with-
drawal of N from senescing leaves before
abscission (Millard, 1995). However, earlier
defoliation causes abscission of green leaves
before any significant N withdraw occurs.
This can cause a decrease in N reserves and
reduce the amount of N available for new
growth the next season (Guak et al., 2001)
and can decease yield (Howell et al., 1978;
Scholefield et al., 1978). In our study,
hydrangea leaves contained 47% to 53% of
the total N in the plant when manual defoli-
ation occurred. The N lost resulting from
manual defoliation could potentially result in
poor plant growth and flower development
during forcing. Several studies have shown

Autumn 2005 Urea Treatment (U05)

Autumn 2005 Urea Treatment (1.105)

that plant leaves can rapidly absorb a major-
ity of the urea from foliar application in
fall and translocate the absorbed N from the
leaves into storage tissues (Cheng et al.,
2002; Dong et al., 2002; Oland, 1960; Shim
et al., 1972). In our study, plants sprayed with
urea contained 226 mg (47%) more N in
stems and roots than plants that did not
receive urea spray. This increased N from
foliar urea application could compensate the
N lost from manual defoliation and poten-
tially improve plant growth and flower devel-
opment during forcing.

2006 vegetative growth and flowering.
Total plant dry weight and height increased
with increasing rate of N fertigation from the
previous year (N05 treatment) and plants
grown at N05 rates of2l0 mg . L or greater
had similar total biomass and plants grown at
N05 rates of 140 to 280 mg-L had similar
height in 2006 (Figs. 4A and Q. Urea sprays
in the fall of 2005 increased total plant
biomass and height in 2006 (Figs. 4B and
D) and plants grown at N05 rates less than
140 mgL were more responsive to urea
sprays in terms of plant height compared with
plants grown at higher N05 rates (Fig. 4C).
Application of N to soil in the spring (N06
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Fig. 6. Number of flowers (A—B) and flower size (C—D) of Hj'th-angea macrophylla 'Merritt's Supreme' in
2006. Plants were grown at five rates of nitrogen (N) fertigation in 2005 (N05 rate), treated (+U) or not
(-U) with 3% urea in the fall of 2005 (U05), and received no N fertilizer( N) or 140 mg . L N fertilizer
(+N) the next spring (N06). Means of interactions are only presented when indicated as significant (P <
0.05) by analysis of variance. (A) Significant (P < 0.05) linear (L) and quadratic (Q) contrasts across
N05 rates denoted in legend. (B—D) Columns denoted with different lower case letters are significantly
different (THs000ç). Error bars represent svs (A, n 10; B, n 25; C. D, n = 50).
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treatment) increased total plant biomass and
plant height in 2006 (Figs. 4B and D). Bio-
mass of plants grown at N05 rates less than
210 mg-L ' was more responsive to N appli-
cation in the spring compared with plants
grown at higher N rates (Fig. 4A).

Total flower dry weight (flower biomass/
plant) increased with increasing rate of N
fertigation from the previous year (N05
treatment) and plants grown at the N05 rate
of 210 mg-L had the greatest flower bio-
mass (Fig. 5A). Urea sprays in the fall of
2005 and N application during the spring
of 2006 increased flower biomass (Figs. SB
and C) and flower production (flowers/plant)
(Fig. 613). Flower production of plants in the
-U treatment increased with increasing rate
of N fertigation from the previous year (N05
treatment), but flower production of plants
in the +U treatment was not influenced by
NOS rate (Fig. 6A). In general, urea sprays in
the fall of 2005 and N application during
the spring of 2006 increased flower size
(dry weight/flower) and rate of N fertigation
in 2005 had no influence on flower size
(Figs. 6C and D).

Total leaf area increased with increasing
rate of N fertigation from the previous year
(NOS treatment) and plants grown at N05
rates of2 10 mgL or greater had similar leaf
area in 2006 (Figs. 7A and Q. Urea sprays in
the fall of 2005 increased total leaf area in
2006 (Fig. 7E) and plants grown at N05 rates
less than 210 mg-L' were more responsive
to urea sprays compared with plants grown
at higher N05 rates (Fig. 7A). Application of
N to soil in the spring (N06 treatment) in-
creased leaf area in 2006 (Fig. 7E) and plants
grown at N05 rates less than 140 mg-L'
were more responsive to N application in
the spring (Fig. 7C). Chlorophyll content of
leaves increased with increasing rate of N
fertigation from the previous year (N05
treatment) (Fig. 7B). Urea sprays in the fall
of 2005 and N application during the spring
of 2006 also increased leaf chlorophyll con-
tent (Figs. 7D and F).

Our results indicate that, in general, N
rates between 210 and 280 mgL during the
vegetative stage of production can result in
similar growth (total biomass and height),
flowering (number of flowers and flower
size), and leaf quality (leaf area and chloro-
phyll content) during forcing. Urea sprays in
the fall and N applications during the spring
can improve growth, flowering, and leaf
quality during forcing. Interestingly, plants
in the +U-N treatment had similar growth,
flower production, and leaf area as plants in
the -U+N treatment (Figs. 4, 6, and 7). This
indicates that spraying container-grown flo-
rists' hydrangea in the fall with urea may be
useful for decreasing N applications during
forcing.

In many perennial species, early spring
growth is primarily supported by remobiliza-
tion of stored N, and this remobilization of
N provides a large proportion of the annual
N supply required to support plant new
growth and development and allow plants
to make the most efficient use of available
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nutrient resources (Bi et al., 2003; Cheng and
Xia, 2004; Millard, 1995). The relationship
between increased plant N content from
foliar applications of urea in the fall and
growth the next spring has been reported on
several plant species (Bi et al., 2003; Cheng
and Xia, 2004; O'Kennedy et al., 1975). In
apple nursery trees, foliar urea applications
after terminal bud set can improve N reserves
and transplanting performance (Cheng and
Fuchigami, 2002). One-year-old grapevines
sprayed with foliar urea in the previous fall
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produced a larger total leaf area, a higher fruit
yield, more fruits per vine, larger fruit, and a
higher total vine dry weight the next year than
those that were not sprayed with foliar urea
(Cheng and Xia, 2004). Spraying hydrangea
with either urea in the fall before defoliation
or applying N fertilizer during forcing had
similar effects on flower production and
flower size, suggesting that urea sprays in
the fall can be as effective as N applications
during forcing to increase flower number and
flower size.

Fig. 7. Total leaf area (A, C, E) and leaf chlorophyll content (B, D, F) of Hvdrangea maci-op/ni/a
'Memtt's Supreme' in 2006. Plants were grown at five rates of nitrogen (N) fertigation in 2005 (N05
rate), sprayed (±U) or not (-U) with 3% urea in the fall of 2005 (U05), and received no N fertilizer (-N)
or 140 mg-L-' N fertilizer (-i-N) the next spring (N06). Means of interactions are only presented when
indicated as significant (P < 0.05) by analysis of variance. (A-C) Significant ( P < 0.05) linear (L) and
quadratic (Q) contrasts across N05 rates denoted in legend. (D-F) Columns denoted with different
lower case letters are significantly different (rHso 005 ). Error bars represent Si-s (A, C, n = 10; B, n 20;

n = 25; D, F, n = 50).
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In conclusion, N status of container-grown
florists' hydrangea during the vegetative
stage of production influences both vegeta-
tive growth and flowering during forcing.
Spraying plants with urea in the fall before
defoliation improves growth and flowering
performance of florists' hydrangea during
forcing, and N application during forcing also
plays an important role in sustaining plant
growth and flower development. Although
urea sprays in the fall have the potential to
improve N storage, decrease overall fertilizer
input, and optimize growth during production
of container-grown florists' hydrangeas, the
optimum rates and timing of urea applications
still need to be evaluated.
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